INTRODUCTION
Pressure ulcer (PrU) development on the heel is the second most common site of skin breakdown. 1 The risk for mortality is increased for patients who develop pressure wounds. According to Nakagami et al, 2 the prevalence of PrUs in the acute-care setting ranges from 14% to 17%. Not only do PrUs affect the quality of life for both the patients and their caregivers, but they also impose a financial burden related to medical costs. 2 Patients with immobile legs because of joint replacement surgery are at high risk for the development of this type of wound. 3 The development of a PrU to the heel may occur within the first few days to weeks of the patient's admission to the facility. 4 It is imperative for the healthcare providers in these facilities to recognize the importance of preventing these types of ulcers.
The best method for reducing pressure to the heel has not yet been identified. This may create disagreement between healthcare providers as to whether the method used at their facilities provides the most benefit to the patient in the prevention of PrUs to the heel. Prevention of PrUs is the best intervention to provide while caring for at-risk hospitalized patients. Unfortunately, some of the interventions that are being used may not be the most appropriate. For this reason, it is important to determine whether the methods used in the acute care setting are providing the pressure relief necessary to prevent the development of an ulcer to the heel.
Heel and Achilles PrUs are not only costly; if not treated promptly, these PrUs also may place the patient at risk of developing osteomyelitis and other types of infections that could cause the loss of a limb or even death. It is important to use the appropriate interventions to combat this issue in the healthcare system. Currently, some of the interventions being used are based on tradition or previous practice and may not be the most beneficial for the patient. Decisions for the type of PrU prevention should be based on evidence-based findings, and research should be conducted to determine the best type of device to use in order to guide practice effectively.
LITERATURE REVIEW
Approximately 10 years ago, physicians and patients chose to put off orthopedic joint implants as long as possible; prostheses lasted only about 10 years, and replacement surgery became less effective and more dangerous each time it was done. Now, some prostheses are expected to last 25 years. This type of surgical procedure is usually performed on patients 55 years or older. 5 The incidence of PrUs among surgical patients can be as high as 45%, and the risk increases among older adults. 6 Skin breakdown due to pressure is a health risk frequently encountered by hospitalized geriatric patients. 7 The development of PrUs increases both the cost of care for the patient as well as the length of hospital stay. Of all the bony prominences in the human body, the pressure over skin surfaces in a recumbent man measured highest on the heel. 8 A study done by Versluyen 9 found that 66% of patients with fractured hips developed PrUs in the hospital. Of the patients who participated in this study, 83% developed ulcers within 5 days of admission, and 90% were older than 70 years, confirming the prevalence of PrUs in older adult patients. 10 Many studies have been done to examine the etiology and prevention of this health issue. There are many commercial interventions available, and it is important to use the research studies available to select the most appropriate preventive measures.
De Keyser et al 7 completed a research study to test various commercially available pressure-reducing materials to evaluate whether and to what extent they were able to reduce vertical heel pressure. This study found that, although several heel protectors did significantly lower the pressure exerted on the heel when a patient was lying on a bed, not all protective devices yielded the same result. 7 Pinzur et al 11 conducted a study to compare the capacity for pressure dissipation in several popular commercially available body-support systems used for the prevention of heel ulcers. Pinzur et al 11 concluded that the more elaborate pressuredissipating devices are clearly more effective in decreasing and dissipating pressure and protecting the bedridden patient from developing disabling PrUs.
One particular intervention used at the Sheffield Children's Hospital was water-filled gloves. The controversy about the use of water-filled gloves arose from a study done in 1993 by Lockyer-Stevens that involved the measurement on 3 volunteers using different-size gloves with varying amounts of water. 12 Studies that involved this traditional intervention showed equivalent pressures between water-filled gloves and standard mattresses, and those studies concluded that gloves should not be regarded as a useful pressure-relieving aid. 12 In a study that included 41 patients admitted to an orthopedic ward over a 3-month period, Zernike 10 examined the effectiveness of different pressure-relief methods and found that eggshell foam boots were more effective in relieving pressure than DuoDERM (ConvaTec Inc, Skillman, New Jersey) and heel-protector boots.
In another study done on orthopedic patients being transferred to a rehabilitation ward, Wilson et al 13 concluded that when choosing a device to relieve pressure on the heel, several factors must be considered: effectiveness of the device, ease and accuracy of application, and patient comfort. Wilson et al 13 monitored the overall incidence of PrUs for a period of 3 months. They reported the incidence at 5.6% of the total number of admissions. Of all the ulcers found, 29 ulcers (47%) were on the heel. 13 Wilson 13 concluded that the use of a heel-pressure-relief device in conjunction with meticulous nursing care enhanced the maintenance of skin integrity.
Research has clearly demonstrated that appropriate pressurerelief devices can reduce the incidence of PrUs, especially in the heel area. However, only a few studies have compared the efficacy of traditional prevention practices, such as intravenous bags, and more commercially available devices. It is especially important to determine relative efficacy of these 2 methods of preventing heel PrUs in view of increases in incidence and prevalence of heel PrUs in patients who have been admitted to the hospital for a hip or knee replacement. Hospitals that use both traditional and commercial interventions for their orthopedic populations tend to have lack of standardization and difficulty in determining which method is the most effective in the prevention of PrUs. Therefore, it is necessary to determine if one method is more beneficial for the goal of standardizing a hospital's heel care practice. A research study comparing intravenous bags and pressure-relief boots would assist in standardizing practice, especially for the orthopedic population.
RESEARCH QUESTIONS
1. Is the use of intravenous bags for foot pressure relief as effective in the prevention of heel PrUs as the pressure-relief suspension boot? 2. Are more signs and symptoms of pressure noted when the intravenous bags are used for pressure relief when compared with the pressure-relief suspension boots? 3. Will the level of satisfaction with the pressure-relief suspension boot be greater than with the intravenous bags among the nursing staff?
PURPOSE
The purpose of this prospective quasi-experimental clinical trial was to test efficacy of using intravenous bags as compared with a commercially available heel suspension foam boot especially designed to offload the foot (Heelift; DM Systems Inc, Evanston, Illinois). It was important to make this comparison because of the increased incidence and prevalence of PrUs of the heel in patients who have been admitted to the hospital for a hip or knee replacement. 3 The conceptual framework ( Figure 1 ) was created in response to evidence that newer products may be more beneficial than traditional practices at the orthopedic surgical floor at a central Illinois hospital. In this orthopedic unit, intravenous bags are used to relieve pressure to the Achilles or heel area. There is no evidence-based research that shows that this intervention is an effective measure to relieve pressure to the areas mentioned with the goal of preventing the development of PrUs. The use of the intravenous bags for pressure relief may present challenges, such as keeping the heel offloaded on a regular basis because of patient repositioning and movement of the lower extremity, which often causes the foot to slide off the intravenous bag. Another concern is that, as pressure is relieved from the heel area, pressure is being exerted on the Achilles area, placing the patient at risk of developing a PrU.
Intravenous bags have not been specifically designed for pressure relief. The pressure-relief suspension boot is a pressure-relief measure that is used in other areas of the hospital. These boots have been designed to relieve pressure from the heel and Achilles area and are made from soft, firm, medical-grade foam. The hospital chose the convoluted design with an elevation pad that disperses pressure evenly across the entire calf. The boot has a smooth tricot fabric on the outside for increased patient mobility, air holes that provide optimal ventilation, and 2 adjustable hook-and-loop straps that secure the boot to the patient's leg. These 2 interventions were compared to determine if the use of the heel suspension boot is a better choice for pressure relief to the heel and Achilles area.
DEFINITIONS
According to Zeller et al, 14 a PrU is an injury to the skin as a result of constant pressure due to impaired mobility. The National Pressure Ulcer Advisory Panel 15 defines a PrU as localized areas of tissue necrosis that develops when soft tissue is compressed between a bony prominence and an external surface for a prolonged period. For the purpose of this study, a PrU is the development of a Stage I, Stage II, Stage III, or Stage IV PrU to the heel or Achilles area. The following are definitions by the NPUAP 16 visible, but bone, tendon, or muscle is not exposed. Slough may be present but does not obscure the depth of tissue loss; may include undermining and tunneling. & Stage IV: full-thickness tissue loss with exposed bone, tendon, or muscle. Slough or eschar may be present on some parts of the wound bed; often includes undermining and tunneling. & Unstageable: full-thickness tissue loss in which the base of the ulcer is covered by slough (yellow, tan, gray, green, or brown) and/or eschar (tan, brown, or black) in the wound bed. & Deep tissue injury: purple or maroon localized area of discolored intact skin or blood-filled blister due to damage of underlying soft tissue from pressure and/or shear. The area may be preceded by tissue that is painful, firm, mushy, boggy, warmer, or cooler as compared with adjacent tissue.
OPERATIONAL DEFINITIONS
The use of the intravenous bags or the pressure-relief suspension boots was documented on the data collection sheet. Yes or no was marked on the data collection sheet daily when the patient had the intervention in place when in bed or when in any position that may have exerted pressure to the heel or the Achilles area (eg, sitting on a reclining chair with the feet elevated on the foot rest). Neither the boots nor the intravenous bags were adjusted to accommodate each patient's load.
Pressure
Each of the study participants' heels and Achilles area were assessed daily for the following signs and symptoms of pressure: redness, warmth, coolness, and pain. The information was documented as yes or no on the data collection sheet if these were noted upon assessment. Pressure Ulcers
Each of the study participants' heels and Achilles area were assessed for the development of PrUs. The assessment consisted of visualization of the heels, palpation to assess for pain, and blanching to assess for nonblanchable erythema. The development of a Stage I PrU, Stage II PrU, Stage III PrU, Stage IV PrU, or unstageable PrU was documented on the data collection sheet if these classifications were noted when the patient was assessed.
METHODS AND PROCEDURES
A quasi-experimental study was conducted to compare the effectiveness of intravenous bags and the pressure-relief suspension boot as pressure-relief devices for the heel and Achilles area. The target population consisted of individuals admitted to the hospital for a hip or knee replacement between the ages of 55 and 70 years. The sample was randomized by alternating the application of each intervention when the patients were admitted to the unit. The patients wore the devices for the duration of their hospital stay. Patients who were included in this study consisted of those who were ambulatory prior to admission to the hospital, had a normal albumin level, had not been diagnosed with diabetes or peripheral vascular disease, and had no evidence of preexisting PrUs to the heels or Achilles area. The research study took place in a central Illinois area orthopedic unit. Approval from the Peoria Institutional Review Board was obtained for the study.
Description of Sample
During the time the study was conducted, there were 39 hip surgeries and 62 knee surgeries performed at the hospital. Of these total numbers, 34 patients met the criteria for the study. Three patients refused to participate, and 1 patient dropped out of the study. This resulted in a sample size of 30 patients who met the criteria without confounders. The average age of the participants was 60.97 years (Table 1) , and the average length of stay was 4 days (Table 1 ). Of the total number of participants, 63.3% were female, and 36.7% were male (Table 1) . Seventy percent of the participants were admitted to the hospital for knee surgery, and 30% had hip surgery (Table 1 ). Fifty percent of the participants had the pressure-relieving suspension boot as the intervention, and 50% had the intravenous bag (Table 1) . Of the total patients in the study, 63.33% had arthritis, 60% had hypertension, 26.67% had hypercholesterolemia, 16.67% had thyroid disease, 10% had sleep apnea, 10% had obesity, and a smaller percentage had other comorbidities ( Table 2) .
Variables and Their Measurement
The independent variable was the application of either the intravenous bags or the pressure-relief suspension boots for pressure relief. Intravenous bags or the pressure-relief suspension boots were applied to the patient's foot when in bed or at any time when an increased amount of pressure may have been exerted to the heel or Achilles area. The dependent variable was the decreased signs and symptoms of pressure (ie, redness, warmth, coolness, and pain) or the development of a Stage I, Stage II, Stage III, Stage IV, or unstageable PrU to the heel or Achilles areas. These areas were assessed daily for signs or symptoms of skin breakdown. The signs and symptoms of skin breakdown (erythema, pain, warmth) that were assessed during this study added external validity to the measures because these have been documented in previous and current literature as the detrimental effect of pressure on normal tissue. The definitions provided for the different PrU stages are the result of 5 years of research started in 2001 by the NPUAP 16 and are the current guidelines followed at the hospital for the identification of skin breakdown as a result of pressure. The same guidelines may be applied to any patient in any type of healthcare setting. The exclusion criteria for this study added internal validity because, with the inclusion and exclusion criteria, the researcher eliminated other contributing factors that may cause skin breakdown to the heel and the Achilles area.
Data Collection
A data collection sheet was developed for data analysis to determine if the suspension boot provided more adequate pressure relief to the heel or Achilles area than the intravenous bags. Demographic data included age, sex, and comorbidities. A consent form was developed and approved by the institutional review board. Consent was obtained from each of the patients who agreed to participate in the study by reviewing the form with each candidate or his/her assigned decisionmaking agent and obtaining a signature once he/she agreed to participate. The researcher collected the data every morning by assessing the participant's heels and Achilles areas and by reviewing the patient's medical record. During data collection, each patient was assigned a code number in order to protect confidentiality. A questionnaire was constructed using a Likert scale and was administered to the orthopedic unit's nursing staff (14 registered nurses) after data for 30 patients had been collected. The nursing staff evaluated each intervention and expressed, based on their experience with their respective device, which seemed to provide more effective pressure relief, had the most appropriate texture, better accommodated the patient's size, custom-fit the patient's offloading needs, allowed better mobility, was easier to apply, and was easier to keep in place. The questionnaire was validated for content by administering it to 4 nurses who specialized in wound care. The data collection sheet and returned questionnaires were kept in a locked cabinet.
Data Analysis
All data were analyzed using the 16th version of the SPSS statistical program. Descriptive statistics were performed regarding age, sex, and comorbidities. Correlational statistics were performed on staff satisfaction surveys, and 2 2 tests were used to analyze the difference between intravenous bags and pressure-relief suspension boots.
RESULTS
A 2 2 test of independence was calculated to determine whether signs and symptoms of pressure were associated with the intervention. No patients with the boot showed signs or symptoms of pressure, whereas 6 patients with the intravenous bag intervention did. All 6 patients with signs or symptoms of pressure had blanchable erythema and warmth present upon assessment. A significant association was determined, 2 2 1 (n = 30) = 7. 50, P = .006 (Table 3) . Pearson r indicated significant correlations between design and ease (r = 0.569, P = .043), design and texture (r = 0.786, P = .001), and design and prevention (r = 0.788, P = .001) ( Table 3 ).
DISCUSSION
The results of this study demonstrate that the pressure-relief suspension boot is the best intervention for heel/Achilles pressure relief when compared with intravenous bags. None of the patients who used the boot developed signs or symptoms of pressure, whereas 6 of the 15 patients who used the intravenous bags developed signs and symptoms of pressure (Table 4 ). Of the 2 interventions, the nurses felt that the bulkiness of the boot is a disadvantage for the type of patient they care for in this particular unit. Pearson r indicated that the nurses believed that the design, texture, and ability of the boot to prevent signs and symptoms of pressure were satisfactory. One of the nurses stated that the intravenous bags are a makeshift way of keeping pressure off the heels. Based on the observations made by the researcher, the intravenous bag is not an effective way of relieving pressure to the heels. It was noted that the patients who participated in the study had positive comments about the intervention that was being used. Whether it was the intravenous bag or the pressure-relief suspension boot, patients verbalized satisfaction with how the intervention felt on their feet and how the intervention relieved the pressure.
Because both groups of patients were satisfied with either intervention, the healthcare provider's expertise is necessary to identify which interventions are best in order to prevent skin breakdown. Based on the statistical data obtained during this study, the pressure-relief suspension boot performed best. The research questions posed by the researcher were answered at the completion of the study. More patients had signs and symptoms of pressure when the intravenous bag was used than with the pressure-relief suspension boot. The pressure-relief suspension boot was a more effective intervention for relieving pressure to the heel and Achilles area. The use of the intravenous bags as a pressure-relief method increased the signs of pressure for the study's participants, whereas the use of the pressure-relief suspension boot decreased them.
LIMITATIONS
Limitations to this study included the small sample. Only 30 patients participated in this study. Because a convenience sample was used, it would be difficult to generalize the results to other populations outside hip and knee surgery. Further research may be needed in other populations, such as medical patients, patients with more risk factors, and patients in longterm-care facilities. None of the patients who participated in this study developed PrUs, but if the intravenous bags were used in higher-risk, higher-severity, or more debilitated patients, it is possible that the result would be a pressure wound.
The implications of this study include the need to eliminate the use of the intravenous bags with patients who have decreased mobility due to knee or hip surgery. Based on the results of this study, practice guidelines at the hospital need to be changed. The use of the intravenous bags as a pressurerelieving intervention must be eliminated, and an intervention proven to be effective, such as the pressure-relief suspension boot, should be used in its place.
Further studies should be conducted to determine if patient satisfaction and compliance with the pressure-relief method are affected by the size of the intervention used. Studies should provide nursing staff with the opportunity to provide feedback in regard to the intervention's design for the type of patient being cared for. A boot design especially for orthopedic patients should be developed in order to provide pressure relief for these high-risk patients while maintaining comfort.
CONCLUSION
The results of the study demonstrated a significant difference between the pressure-relief suspension boot and the intravenous bag as heel-pressure-relief methods. Based on the statistical results, the pressure-relief suspension boot was statistically and clinically the best intervention for patients with decreased mobility when compared with the intravenous bags. The nursing staff was satisfied with the design and ease, design and texture, and ability of the boot to prevent PrUs. Based on the results of this study, best practices need to be changed. The use of the intravenous bag as a pressure-relieving device should be eliminated, and the pressure-relief suspension boot should be used in its place for patients who have had hip or knee surgery. &
